Study design: Descriptive study. Objective: To describe the demographics, cause of injury, and annual-paid medical costs for the 5 years following injury for cases of work-related tetraplegia. Setting: A single United States workers' compensation (WC) claims database. Methods: Tetraplegia cases with initial date of injury from 1 January 1989 to 31 December 1999 were selected by cross-referencing word search terms pertaining to body part injured and nature of injury. The main outcome measures were injury causes and annual-paid medical payments (adjusted to year 2000 medical consumer price index) of work-related tetraplegia by injury group for each year postinjury over a 5-year time period. Results: A total of 62 claimants with work-related tetraplegia injured between 1 January 1989 and 31 December 1999. The vast majority of those identified were male claimants (92%) and more than a quarter worked in the construction industry (26%). Other highly represented industries included transportation and retail (15% each), manufacturing (13%), and agriculture and utility (11% each). The majority of injuries were the result of falls (36%) and vehicular accidents (34%). The mean Year 1 cost was $560 524 for those with a high-level tetraplegia (C2-4 ASIA A-C), $431 033 for a low-level injury (C5-8 ASIA A-C), and $178 041 for those with an ASIA D tetraplegia injury. The mean cost of subsequent years (Years 2-5) was $130 992 for a high-level, $129 250 for a low-level, and $34 352 for an ASIA D tetraplegia injury. Conclusions: Mean costs for Year 1 postinjury in WC cases are similar to previously published estimates. Comparing the current results with those of previous spinal cord injury cost studies suggests that those with work-related tetraplegia may receive more injury-related paid medical benefits after the first year postinjury than cases who do not receive WC-supported benefits.
Introduction
The annual incidence of traumatic spinal cord injury (SCI) in the United States (US) is approximately four per 100 000 population resulting in 11 000 new cases per year, with an estimated prevalence of 183 000-230 000 persons. 1 Tetraplegia cases represent over 50% of SCIs, and are the most costly due to their substantial need for acute and long-term medical care, rehabilitation services, and disability-related resources. 1 The lifetime healthcare and living costs for a person sustaining a tetraplegic injury at age 25 have been estimated by the National Spinal Cord Injury Statistical Center to range from approximately $1.2 million for low-tetraplegia cases (C5-8 ASIA A-C) to $2.2 million for hightetraplegia cases (C1-4 ASIA A-C). 1 In response to concerns regarding the significant economic impact of SCI, studies have attempted to describe and quantify the associated medical expenditures. [2] [3] [4] [5] [6] [7] [8] [9] [10] Analyses for these studies relied upon either Model SCI Care Systems (federally funded centers for the care of SCI patients) data as recorded in the National SCI Database (NSCID), [2] [3] [4] [5] state-or regionspecific population data, [6] [7] [8] or self-reported data based on a national sample of patients. 9 Although providing substantial insight into the costs associated with SCI, prior studies have been limited by the incomplete capture of all related costs, the reliance on the self-report or estimation of expenditures, the extrapolation of costs for missing services, or estimations based on charges instead of actual payments. These limitations suggest that the published estimates may not reflect the actual medical costs paid by insurers.
In the workplace, traumatic injuries to the spinal cord represent less than one out of every 10 000 injuries. 11 However, the costs for these injuries are among the highest in the workers' compensation (WC) system. Estimates of the costs of work-related SCI are sparse, with only one study identified in a review of the literature. 10 This study reported on the first postaccident year costs (including hospitalization, rehabilitation, and home-care costs) for SCI cases injured between 1950 and 1974 who were insured by two WC insurers. 10 When WC insurance is the first payor for a workrelated SCI, all medical and rehabilitation charges are forwarded to the WC insurer. This continues even if a person with work-related SCI qualifies for Social Security and Medicare insurance. Thus, WC databases have the advantage of being able to capture complete documentation of injury-related medical expenditures. In WC, payment begins on the date of injury and is comprehensive for acute and rehabilitation hospitalizations and readmissions, physician and therapy services, medications and supplies, durable equipment, transportation, environmental modifications, attendant care, and vocational rehabilitation, among other injury-related expenses.
The objective of this study was to: (1) describe the causes and industries represented by work-related tetraplegia SCI and (2) to describe the annual medical costs for 5 years postinjury for persons with tetraplegia covered by WC, and to compare expenditures among motor levels of injury. The decision was made to focus on tetraplegia rather than all types of SCI because evidence suggests that there is greater difference in coverage of care for tetraplegia cases under WC relative to non-WC insurance. 12 
Methods
Case selection and classification The sample was obtained from a compensation insurer data source that covers approximately 8-10% of the US private WC market. Cases were selected with injury dates between 1 January 1989 and 31 December 1999. Lacking ICD.9 codes (International Classification of Diseases, 9th Revision), cases were first selected by cross-referencing National Commission of Compensation Insurance (NCCI) codes specific to: body part injured (multiple neck injury, vertebra, and spinal cord) and injury type (contusion, crushing, dislocation, and fracture) with relevant word search terms in the accident description (paralysis, quadriplegia, etc). A partial list of known SCI claims was made available for comparison from the company's Catastrophic Claims Unit and no additional claims were found. Each computerized claim file containing demographic, accident, medical, and disability information was then manually reviewed to assure the accuracy of the tetraplegia diagnosis. One case with a concurrent traumatic brain injury (TBI) was excluded due to the effect the high costs associated with the TBI would have on the total cost of the case.
The motor level of injury was classified according to the revised 2000 International Standards for Neurological Classification of Spinal Cord Injury from the American Spinal Injury Association (ASIA). 13 In order to do this classification, detailed medical and physical examination data from the computerized claim file corresponding to the end of the first year postinjury were evaluated by a resident physician in Physical Medicine and Rehabilitation, also a member of the research team (GG). When necessary, case managers were contacted to verify the motor level.
Ascertainment of payment data
Data specific to all medical expenditures including payment amount, service type, service date, provider name and type, and Physician's Current Procedural Terminology (CPT) codes 14 were available from the WC data source from 1 January 1993 to 31 December 2000 and was extracted in March 2001. All expenditures were adjusted using the Year 2000 medical care component of the Consumer Price Index. 15 Cost data were stratified according to the year postinjury when the service occurred for up to 5 years depending on the initial date of injury (ie, Years 1, 2, 3, 4, 5 postinjury). Although expenditures are described over the 5 years postinjury, data specific to medical services were only available from 1993 onwards. Consequently, cases with an initial injury date from 1989 to 1992 included only payment data from 1993 onwards (eg, postinjury Year 5 payment data were available for 1989 cases, postinjury Years 4 and 5 payment data were available for 1990 cases, etc). This resulted in an unequal total number and distribution of cases by year postinjury and by injury level (see Table 1 ).
Total annual expenditures for all WC injury-related medical services included payments for: the initial hospitalization and acute rehabilitation (applicable to Year 1 postinjury only), all subsequent hospital and rehabilitation readmissions related to SCI, outpatient services (ie, physician and therapy visits, diagnostic services), medications and medical supplies, durable medical equipment (including vehicle and home modifications), personal care attendants (including nursing services and nursing home care), ambulance/ assisted transportation, and vocational rehabilitation services.
Analysis
Basic descriptive statistics were performed to describe the causes of injury and the costs incurred (see Tables 1  and 2 ). In order to facilitate comparisons with published research, injuries were classified according to the system employed by NSCID. This involves placing people into one of three injury categories: high tetraplegia, which includes all those with an injury to cervical spinal cord levels two to four and an ASIA grade of A, B, or C (C2-4 ASIA A-C); low tetraplegia, which includes all those with injuries to cervical spinal cord levels five to eight with an ASIA grade of A, B, or C (C5-8 ASIA A-C), and ASIA D, which includes all those with an ASIA grade of D and Central Cord Syndrome.
To facilitate the use of the results by those wanting to estimate the cost of work-related SCI, calculations were made of the mean (with 95% confidence intervals) cost of the various types of injury. The first run of this analysis revealed five outliers with costs at least 1.5 times the interquartile range above the third quartile. There were no low-end outliers. As outliers exert too much influence on the results, 16 the decision was made to remove these data points from the analysis (information regarding these cases are presented in Table 4 ). This resulted in 158 data points being used in the final analysis.
ANOVA was also conducted to determine if there were significant differences between the costs incurred over the 5-year period between the three injury types. As no statistically significant within-injury category difference was found between Year 2 and 5 postinjury (P40.05), costs incurred were averaged and the term 'subsequent years' has been used to refer to the cost of injury in years following the Year 1 postinjury. In addition, ANOVA was used to determine if there were significant differences in costs associated with the various injury categories. This was undertaken for the first year postinjury as well as for the subsequent years.
This study was approved by the Institutional Review Committee (for the protection of human subjects) of the Liberty Mutual Research Institute for Safety.
Results
A total of 62 cases met the selection criteria. The cases were from 28 states. The geographic distribution of the cases, based on US Census Bureau geographic regions, was highest in the South (32 cases), followed by the Northeast (10 cases), the Midwest (10 cases), and the West (seven cases). 17 There were 29 complete and 33 incomplete tetraplegia cases; with the C5 level (n ¼ 11) being the most common level of complete cases and the C6 level (n ¼ 11) being the most common level of incomplete cases (see Table 3 ). The subjects had an average age of 38.7 years (range 17-77) and the vast majority were male (92%). No cases were ventilator dependent, although this was not by design.
Industry groups and cause of injury
More than a quarter of the cases worked in the construction industry (26%), followed by transportation and retail (15% each), manufacturing (13%), agriculture and utility (11% each), and service (10%). The majority of injuries were the result of falls (36%), followed by vehicular accidents (34%). For further details regarding the causes of injury, including a comparison with other studies, refer to Table 2 .
Medical costs of SCI Details regarding the cost of medical care for each of the individual injury categories are presented in Table 1 . The mean, 95% confidence intervals (CI), median, minimum, and maximum (with outliers removed) for each injury category for Year 1 and subsequent years are displayed in Table 4 . Details regarding the participants with out-of-the-ordinary costs (ie outliers) are provided in Table 5 . Comparisons of injury cost by category revealed statistically significant differences. Mean annual cost was higher in Year 1 than all other postinjury years, for all levels of injury. When the major injury categories were compared (outliers removed), the mean Year 1 costs for high-tetraplegia and low-tetraplegia cases were not found to be significantly different from one another. However, both were significantly higher than the mean Year 1 costs for ASIA D cases (Po0.05). For further details, refer to Table 3 . In relation to subsequent years, it was found that the ASIA D mean costs were significantly lower (Po0.05) than the costs of hightetraplegia and low-tetraplegia cases; however, the costs of high-tetraplegia cases were not significantly different from low-tetraplegia cases (see Table 4 ). Mean costs were significantly higher in Year 1 than in subsequent years for all injury categories.
Discussion
The current study provides information regarding workrelated tetraplegic injuries. Results detail the demographics of those affected, the industries represented, how such injuries occur, and the annual medical costs of these injuries to the WC system.
Demographics Gender In the current study, male subjects made up a higher proportion of those injured (92%) than has been reported in previous studies that included all levels of SCI and all insurance types (figures range from 80 to 85%). 3, 4, 6 A study by Rosenberg et al 18 compared patients receiving WC benefits (13.1% of the total sample) with those SCI cases receiving non-WC benefits from Colorado. They reported similar gender results to the current study for WC-covered SCIs (95%), but only 74% in the non-WC-covered sample were male subjects. The percentage of male subjects in the current study population is higher than the percentage of male workers in the US civilian labor force (54%) 19 and is higher than the percentage of males who sustained lostworktime injuries (66%) as reported by the Bureau of Labor Statistics. 20 The higher percentage of males sustaining tetraplegia may be the result of a higher percentage of male employees in industries such as construction (90.3%) 21 and transportation (91.3%), which have a higher risk for serious accidents. 22 Age The WC-and Colorado WC-covered population in the Rosenberg et al 18 study were slightly older (both with a mean age of 39 years) than the cases reported by the NSCID 1 and the non-WC-covered Colorado sample (mean ages of 35 and 34 years, respectively). The Rosenberg et al study suggested that the lower mean age in the non-WC-covered population was because 19% of the sample were students.
Cause of injuries More than a third of the WC-covered injuries in the current study and half of the WC cases in the Rosenberg et al study 18 were the result of falls as compared to 16% in the non-WC-covered group in the Rosenberg et al study and 20% in the DeVivo et al Information relates to the entire population with no distinction between workers' compensation and non-workers' compensation insurance coverage c Struck by a falling object is included in the 'other cause of injury' category when reported to the NSCID and typically accounts for about 3% of new injuries Work-related tetraplegia medical costs B Webster et al study using the NSCID population that included 8.9-10.7% (depending on year postinjury) WC-covered patients. Fewer injuries in the WC-covered group were due to violence (3% in the current study and 5% in the Rosenberg et al study) as compared to the Rosenberg et al non-WC-covered group (9%) and the NSCID population (30%) (see Table 3 ). In a population study of Oklahoma residents with SCI, Price et al 6 found a similar percentage of injuries caused by falls to that reported in NSCID-based studies.
1,2,5 However, Price et al reported a higher percentage of injuries caused by vehicular (48%) and sports-related (13%) accidents, and a lower percentage due to violence (11%). No information was given by Price et al regarding insurance coverage. The differences in the studies from Colorado 18 and Oklahoma 6 may reflect geographic variation.
It should be noted that prior studies included SCI at all levels, which may in part explain the difference in cause of injury distribution for the WC-covered sample as compared with the NSCID-based samples. 1, 2, 5 This suggestion is supported by the findings of Rosenberg et al, 18 who found a higher proportion of lumbar and fewer cervical injuries in their WC-covered group. They suggested that this was the result of fewer vehicular accidents and, therefore, fewer cervical injuries and more falls producing more lumbar injuries. Another source of differing cause distribution may be that sportsand violence-related injuries are less likely to occur in the course of work and, therefore, would not be covered by WC.
Annual costs
Prior studies that described the costs of medical care for SCI cases have been derived from a variety of different population sources. [3] [4] [5] [6] [7] [8] [9] [10] The largest of the studies included information from patients in the Model SCI Care Systems obtained from the NSCID and included only those patients who consented to participate in the database. The NSCID captures information on an estimated 13% of new SCI cases in the US. Currently, information on SCI cases comes from 24 federally funded SCI care centers in the Model SCI Care System. [1] [2] [3] [4] Studies utilizing data from the NSCID have not reported on cost by injury level (ie, tetraplegia versus paraplegia). Another national sample of SCI patients reported by Harvey et al 9 included patients from several sources including lists of organizations representing the disabled population, from independent living centers, and from names provided by other interviewed SCI persons.
Other studies have used sources of data from either state-or region-specific SCI populations. Menter et al Although 5.3-14.8% of cases (depending on the year of study) contained in the Model SCI Care System database are covered by WC insurance, the medical costs for these cases have not been reported separately. [2] [3] [4] [5] [6] Nor have cost information specific to cases covered by WC insurance been reported in the other population studies.
Past studies reporting on the cost of SCI have utilized several different methodologies. In the NSCID-based studies, costs reported were either actual charges (as opposed to payments) 3, 4 or were derived from medical service histories obtained by telephone interviews and diaries kept by SCI patients and verified by providers or third-party payors. 4, 8 The study by Price et al 6 reported on charges, with extrapolation of these charges required for missing data. Charges were not available for physician/surgeon services, emergency transportation, outpatient rehabilitation, and subsequent admissions.
In the Johnson et al 7 study, provider information was first obtained from patient interviews and hospital medical records. Medical charges were then drawn from billing information obtained from the providers. Costs were determined either from direct billing charges, by estimation of costs for identical services, or estimation of costs for similar services. For acute hospitalization costs, 95.8% of costs were captured by direct billing information, but for costs beyond the initial hospitalization, only 44.9% were captured by direct billing information. Because of this, the reported costs could be either an underestimate or overestimate due to participant recall or problems regarding services and providers.
Persons in the Harvey et al 9 study completed a survey that required them to recall the quantity of services and items used. Lacking accurate information on SCIrelated expenditures, the authors then priced these quantities using 1988 market prices. Recurring annual costs were reported for medical care beyond the period of recovery and rehabilitation time of injury (ie, 2 years postinjury or beyond).
The current study advances on previous studies as it includes a broader range of care settings and wider variety of care systems. The method used in the current study provides cost information for tetraplegia based on extensively documented actual payments made by a single WC insurer responsible for all injury-related expenditures. Owing to the complete documentation of actual payments, extrapolation of costs (as in prior studies) was not required. As a result, the study provides a more complete understanding of costs incurred by WC insurers. In addition, with the WC insurer responsible for all injury-related expenditures, WC claimants would be less likely to incur their own out-of-pocket expenses as compared with cases with other types of insurance coverage.
A comparison of the current study's mean medical costs for the Year 1 postinjury and the subsequent years with two other studies that reported costs for comparable injury groups using the various methods is presented in Table 6 (all costs adjusted to Year 2000 medical care component of the Consumer Price Index). 1, 7 The estimates for Year 1 costs by Johnson et al 7 compare well to the current study for the high-and lowtetraplegia groups, and fall within the 95% CI. However, the Year 1 mean costs for the ASIA D group (including Frankel D and E cases at any level) in the Johnson et al study were very different, with a mean cost less than half of that reported by the NSCID and by the current study. This large difference is likely to be attributable to both their inclusion of Frankel E cases (ie, no paralysis) with the Frankel D cases and to the fact that more than half of those in their study received no in-patient rehabilitation services. In contrast, the acute in-patient rehabilitation mean costs in the current study for ASIA D (cervical level only) cases accounted for 44% of the total Year 1 mean costs.
The subsequent year mean cost reported by Johnson et al 7 (that included costs for Year 2 postinjury only) was well above the upper bound 95% CI for the current study's combined subsequent year mean cost in the high-tetraplegia group in the current study. Their subsequent year mean cost ($97 155) was slightly below the lower bound 95% CI for the current study's combined subsequent year mean cost ($102 883- NSCID estimates for Year 1 costs for all three injury groups, and subsequent year costs for the hightetraplegia group compare well to the current study's WC data, falling within the 95% CI.
1 However, the mean NSCID cost for subsequent years for the lowtetraplegia group was well below that observed in the current study. These differences may be related to the different follow-up period of the two studies. The NSCID study of postinjury charges beyond the first year postinjury was based on a population of randomly selected patients enrolled in the NSCID treated since 1973. A 1-year cross-section of data was collected prospectively through telephone interviews and diaries between 1989 and 1990. 2 As a result, most of the patients in the study were far beyond the initial 5 year postinjury period of the current study. Their medical condition and need for medical services would likely have stabilized as compared to the more acutely involved cases in the Johnson et al 7 and the current study. In addition, due to advances in medical technology, medical treatments are likely to have changed over the past 10 years. Adjustment to the 2000 medical care component of the Consumer Price Index is unlikely to completely account for the costs associated with these advances.
Tate et al, 12 in 1994, documented differences in insurance benefits between Medicaid, third-party private insurers, and catastrophic payers (eg, WC and automobile no fault insurance) for tetraplegia, paraplegia, and ASIA D SCI. They found that persons with catastrophic insurance received significantly (Po0.05) more benefits, particularly for accessible housing. Further, Tate et al evaluated postdischarge differences between payers 2 years after the initial SCI, and found that benefits for housing, transportation, personal-care assistance, equipment, and outpatient services were higher for persons with catastrophic insurance compared to Medicaid (Po0.05) and third-party private payors (Po0.06). 23 Differences between NSCID results and the current study findings for subsequent year costs may be related to differences between WC and other payors for the amount and type of attendant care provider (eg, nurse versus aide). Persons with WC coverage are likely to have skilled attendant care provided. In comparison, persons in the NSCID may not have had such coverage, requiring care be provided by a family member.
Limitations
A limitation associated with this study was the small sample size. In several instances, there were only a few cases in each of the injury types. While there was a trend for the lower-level injuries to be less expensive than higher-level ones, few significant differences were found. In order to gain more precise estimates of the cost of the various types of SCI, further study with a larger sample size would be necessary.
Related to the problem of small sample size is the issue of those cases with costs well beyond what is typically incurred. In total, 163 data points relating to the various postinjury years were available for interpretation. In 3% of these, the cost was sufficiently extreme so as to be defined as an outlier. Although inspection of each of these cases revealed a possible explanation for why their costs were out of the ordinary, this does raise problems for those attempting to use the current information to estimate the likely costs of individual cases. Interpretation of study findings should be made with the understanding that there are likely to be cases that will prove to be more expensive than current estimates.
While the focus of this study was to describe the medical payments associated with work-related SCI, this should not be inferred to suggest that these are the highest or most significant of the costs incurred. DeVivo et al 2 provided an extensive discussion regarding indirect costs and Berkowitz et al 24 estimated that 65% of the direct and indirect cost of SCI was associated with lost wages and productivity. Additional indirect costs that are more difficult to quantify are those of pain and suffering experienced by the injured person and their families. With this in mind, further investigations of the wider costs of work-related SCI are warranted.
Summary and conclusion
Utilizing a centralized data source that was continuous and comprehensive for all actual insured expenditures, this study uniquely documented the demographics and annual medical costs of work-related tetraplegia. Results indicate that the vast majority of the current study's WC population were male and more than a quarter of the sample worked in the construction industry. The majority of work-related injuries were the result of falls and vehicular accidents. Overall, the current figures for the first year postinjury are comparable to the best previous published estimates of the medical costs for SCI. WC high-level tetraplegia group costs are also similar to other estimates in subsequent years. However, despite the absence of medical evidence of significant comorbidity in the case of lower-level tetraplegia and ASIA D cases, the subsequent year costs were substantially higher in the current study. Although there was no significant difference between those with high-level versus low-level tetraplegia, the conclusion can be drawn that ASIA D injuries cost significantly less than injuries of ASIA types A-C. Comparing the current results with those of previous studies of the cost of SCI suggests that those with work-related tetraplegia receive a higher level of reimbursement for postacute services than those with other insurance coverage.
Further research is necessary to determine if this has an effect on outcomes.
